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SUMMARY 
Third-year results are" rep~rted for a test of the effects of removing 
sod competition. mulching with sod. and root pruning on the survival 
and growth of black loc!1st, green ash and American elm seedlings 
planted in both medium and heavy sod covers. Four sizes of sod scalps. 
6 (check). 12. 24 and 48 inches in diameter were used. Half of all 
the plots were mulched with inverted sod. and root-pruned seedlings 
were used on half of the plots. Two "supplementary studies. designed 
to help explain some of the results of the planting study. also are 
reported. One of these tested the effects of 12- and 48-inch scalps with 
and without inverted sod mulch. and those of a check. upon soil mois-
ture during the growing season. This study was located on the heavily 
sodded area used in the planting study. The other supplementary 
experiment was designed to determine the permanent wilting point 
and the relative rates of soil moisture depletion by hardwood tree 
seedlings and bromegl'ass over a range of soil moisture values from 
field capacity to permanent wilting. 
The conclusions drawn from these studies follow: 
1. Root pruning. mulching with inverted sod and scalping. alone 
or in combination. had no clear-cut effect on third-year survival of 
field planted hardwood seedlings. Failure to obtain treatment response 
is attributed to moisture conditions very favorable for growth during 
the first growing season and to the treatment'obscuring effect of dam-
age caused by insects. rodents and freezing. 
2. Root pruning of the field planting stock resulted in a more 
fibrous root system. but this treatment alone 01' in combination with 
mulching and scalping had 'no important effect upon the growth of 
the seedlings. 
3. Sod removal by scalping resulted in highly significant growth 
increases on both experimental areas. Linear I'egression equations for 
estimating the height·growth response to scalping are given for both 
mulched and unmulched plots of species that were not seriously dam-
aged by various destructive agencies. 
4. The addition of an inverted sod mulch to the scalps gave highly 
significant growth responses on both areas. There was a significant 
interaction between mulching and scalping, and the data suggest that 
mulching became more beneficial as the scalp size increased. 
5. Because of unusually heavy rain:all during the sampling period. 
the effects of scalping and mulching on soil moisture could not be 
conclusively evaluated. However, mulched scalps appeared more effec· 
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tive than unmulched scalps in conserving moisture as- soil moisture 
approached critical levels. 
6. As soil moisture neared permanent wilting, smooth bromegrass 
absorbed moisture at a more rapid rate than ash or locust seedlings 
and was more efficient in this respect than ash or tomato at all mois· 
ture levels below field capacity. 
7. The soil moisture percentage at permanent wilting was signif-
icantly lower forbromegrass than for ash, locust and tomato. Dif· 
ferences in the observed wilting percentages for the four test plants 
probably are due to differences in root ramification. 
8. Results of these studies, and of others reviewed, strongly indi-
cate that the influence of grasses on soil moisture can be of critical 
importance in establishing hardwood plantations in sod where soil 
moisture reaches the wilting percentage during the growing season. 
Scalping and mulching offer means of conserving soil moisture and 
resulted in increased growth in these experiments. 
9. The minimum effective scalp size used in these experiments 
was 24 inches. The addition of inverted sod mulch to the 24-inch 
scalps produced about as much growth as scalping to 48 inches. The 
48-inch scalp with sod mulch gave the greatest growth response. 
Effects of Grass Competition Upon 
the Establishment of Hardwood 
Plantations in Iowa~ 
By R. D. LANE and A. L. MCCOl'.lB· 
There is considerable evidence that the removal of grass sod prior 
to planting followed by subsequent cultivation is often essential to 
the successful establishment of hardwood plantations where moisture 
is a crucial factor. In 1921 Tillotson pointed: out that heavy' sod prac· 
tically assures the failure of a young hardwood plantation (38). 
Gaskill has reported the beneficial effects of cultivating forest plan· 
tations in Europe (9). In more recent years other workers have studied 
the need for removing competitive vegetation and for cultivating both 
hardwood and softwood plantings in various parts of the United states 
(2, 5, 6, 10, 20, 25). The problem of tree establishment is particularly 
acute in areas of low rainfall, such as the prairies, where plantings 
for windbreaks, shelterbelts, farm woodlands, wildlife refuges and 
erosion control frequently are made on sites having a heavy grass 
sod or other herbaceous cover (20). 
To obtain a better understanding of the effects of heavy grass 
competition upon planted hardwood seedlings, a field study was initiated 
by the Iowa Agricultural Experiment Station in cooperation with the 
Central States Forest Experiment Station, U. S. Forest Service. This 
study was designed to test the effects of sod removal (scalping), mulch· 
ing and root pruning upon the early survival and growth of hardwood 
seedlings planted in two densities of vegetational cover. Two sup· 
plementary studies also were conducted to help explain some of the 
results obtained in the planting experiment. One of these supplementary 
studies consisted of field tests of thc effects of scalping and mulching 
upon soil moisture. The other, conducted under greenhouse conditions, 
had as its objectives a quantitative measure of wilting and of the 
relative rates at which hardwood seedlings and grasses absorb soil 
moisture over a wide range of moisture levels. A description of these 
studies, the results obtained, and a discussion of the results are 
presented in this paper. 
SEEDLING ESTABLISHMENT AND GROWTH AS 
RELATED TO ROOT PRUNING, MULCHING 
AND SOD REMOVAL 
This study was duplicated on experimental areas near Ames and 
ncar Farmington, Iowa. The two areas were distinctly different in soil 
types, kinds and density of vegetational cover, and latitude. Some of 
the more important characteristics of each area follow. 
1 Projeet 753 of the Iowa Agricultural Experiment Station. 
• Forester in charge, Carbondale, Illinois Branch, Central States Forest 
Experiment Station, :B'orest Service and Professor of Forestry. Iowa State 
College, Ames, Iowa. respectively. . 
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Fig. 1. The Ames area before planting. 
Fig. 2. The Farmington area shortly aftel' planting. 
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THE AMES AREA 
'I'he Ames plots (fig. 1) were established on O'Neill fine sandy 
loam. This soil has a dark brown 01' dark, grayish-brown surface 
layer of fine sandy loam ranging from 12 to 16 inches in depth that 
is underlaid with a brown, more compact fine sandy loam or loamy 
sand. At a. depth of 30 to 36 inches, the soil material grades into 
beds of coarse sand or gravel. Occasionally these coarser materials 
lie more than 3 feet below the surface. Drainage is more rapid than 
desitable, but cultivated crops obtain more of the moisture held by 
the soil than is available in finer textured soils (35). 
The vegetation on the Ames area was sampled by taking 24 one-
square-meter quadrats at random. All quadrats contained Kentucl{y 
bl uegrass (Poa pratensis L.) and in 15 percent of the samples this 
was the only species present. Twenty·five other species were associated 
with bluegrass. 'The more common of these, in order of occurrence, 
were hoary vervain (Verbena stricta Vent.), common dandelion (Tar· 
a.xaClt1n ojJicinale Weber), horseweed (Erigeron canadensi.~ L.), hog-
weed (Ambrosia artcmisiifolia L.), violet wood-sorrel (Oxalis violacea 
L.), alsike clover (Trifol:nm hybridum L.) and hemp (Cannabis sativa 
L.) (29). Approximately 75 percent of the soil surface was covered 
by vegetation. There were no bare spots on the area nor was there 
a mat of dead vegetation on the soil surface as was found on the 
Farmington area. 
THE FARMINGTON AREA 
The experimental plots near Farmington, Iowa (fig. 2) were estab· 
lished on Weller silt loam. The surface layer of this soil, usually not 
more than 8 inches deep, is a light-brown 01' grayish-brown moderately 
compacted silt loam. 'I'his is underlaid with a yellowish-brown, mottled 
silty clay loam that grades into a heavy plastic silty clay at a depth 
of :l0 to 24 inches. In general, this soil has adequate surface drainage. 
However, during early spring and late fall rains, surface water col-
lected in the scalped spots on the experimental area and did not dram 
out rapidly (36). 
A total of 41 species of plants was found on the experimental area. 
In 24 sample quadrats, redtop (Agrostis alba L.), Kentucky bluegrass 
(Poa pratensis L.), Canadian bluegrass (Poa compressa L.) and panic 
gmss (Panicum (iepallperatuln Muhl.) were the most common species. 
'l'hese four grasses and common yarrow (Achillea Millefoli1tll~ L.) were 
each found on more than 80 percent of the quadrats. Partridge pea 
(Cassia Chamaecl'istn L.), timothy (Phleum praten8e L.), false indigo 
(Baptisia leur:antha T. & G.), prairie clover (Petalostemllln pUI'Pltrelim 
[Vent.] Rydb.) and mountain mint (PycllUl/.the/l1ltn~ spp. Michx.) also 
were common (29). 
Living plants covered about 30 percent of the soil surface. Except 
for a few bare spots, a mat of un decayed plant debris covered the soil 
surface throughout the experimental area. 
MATERIALS AND METHODS 
A. total of 48 treatment combinations was used in each of the two 
areas. They were as follows: 
1. Foul' sizes of circular scalp: 6 (check), 12, 24 and 48 inches in 
diameter. 
2. Mulching and no mulching. One-half of the scalps of each size were 
mulched with inverted sod and the other scalps were not mulched. 
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3. Three species of 1-0' hardwood seedlings: black locust (Robinia 
psclldoacacia L.), green ash (F'raxinlls penllsylvanica lanceolata 
[Borkhausen] Sargt.) and American elms (Ulnuts americana L.) 
(37) . 
4. Root pruning. One-half of the planting stock was root-pruned and 
the other one-half was not pruned. 
A 4x3x2x2 factorial design with three replications was used in 
each experimental area. Each replication was divided into two blocks 
and 24 treatment combinations assigned to a block, permitting a com-
plete set of treatment combinations within a replication. In this 
experimental design some information 011 the higher order interactions 
was sacrificed. One second·order interaction, species x mulching x 
1'00t pruning, and the third-order interaction, scalping x species x 
mulching x root pruning, were partially confounded. For anyone 
treatment combination, 48 trees were planted, each replicate plot 
containing 16 trees. A total of 2,304 seedlings was planted in each area. 
Rcalping was done dUl'ing the fall and winter seasons. A circle 
of sod was cut with a spade to a depth of 2 inches and then lifted 
out and piled alongside the scalp. After planting the seedlings the 
next spring, the scalps to be mulched were treated by turning the 
sod, grass side down, back into the scalps. In some cases, particularly 
at Farmington, it was necessary to use the sod from more than one 
scalp' to mulch another scalp thoroughly. AI! the sod removed in 
scalping that was not needed for mulching was carried from the 
experimental areas. Once during the spring of the first and the second 
growing seasons, weeds and grasses coming into the scalped and 
mulched spots were hoed out. At the same time any breaks found in 
the mulch were repaired with surplus sod. 
One-year-old planting stock was used throughout the study. Nursery 
beds were selected in the spring, a year ahead of planting, and were 
thinned to about six seedlings perrow foot to obtain more uniform 
planting stock. During early July, halves of the selected beds of each 
species were root-pruned with a Killefer tree lifter to a uniform depth 
of 8 inches. Immediately after pruning and once a day for the next 
3 days, the beds of pruned stock were thoroughly watered. Thereafter, 
the sprinkling system at the nurseries provided ample water. 
Root pruning was done to stimUlate the development of lateral 
roots. Stock with a more bushy root system and a larger number of 
growing, absorbing root· tips should occupy the soil mass more com-
pletely aftCl' planting and tap more of the available soil moisture. 
Inspection of the seedlings"showed that the pruned stock had developed 
more lateral roots than the unpruned stock (fig. 3). 
Survival counts and height measurements were made on all plots 
at tile end of the first and the third growing seasons. Since the first-
and third-year results were similar, only the third-year data are 
presented and analyzed below . 
• 1-0 refers to l-~'ear-old seedlings that ha\'e not been transplanted In the 
nursery. 
Fig. 3. Root-pruned and tmpl'uned 1-0 stock. A. black locust: B, green 
ash: C, AmeI'ican ellll. 'The three geedlings on the left are unpruned. Those 
on the right were root-pruned in the nurserY bed a year prior to lifting. 
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RESULTS 
SEEDLING SURVIVAL 
At the end of the third growing season, the average survival for 
all plots was 82.1 percent (table 1). Average survival at the F'arming· 
ton area (93.1 percent) was much better than that at the Ames area 
(71.6 percent). Regardless of location or treatment, green ash had 
the best survival, American elm was intermediate, and black locust 
had the lowest survival. The difference in survival bet.ween mulched 
and unmulched trees was 0.9 percent; between root.-pruned and un-
pruned stock, 4.0 percent; and there was a range of 4.2 percent between 
the four sizes of scalps. 
Treatment effects on survival were obscured by heavy precipitation 
during the first summer and by freezing injury, especially to black 
locust; by injury and death to black locust caused by the borer 
(JIegacyllene robin;ae) (7); by field mice which chewed the bar), 
and girdled many elm seedlings; by both cottontail and jack rabbits 
that clipped the shoots of American elm; and by poor drainage, poor 
aeration and frost heaving on the unmulched plots at Farmington. 
Cold injury and rabbit and mice damage were more severe at Ames. 
At the end of 3 years, root pruning, mulching and size of scalp, 
individually or in combination, appeared to have little consistent 
influence upon survival. Because of these small, erratic differences, 
no detailed analysis was made of the effects of these treatments on 
survival. 
SEEDLING GIWWTH 
The data relating to third-year growth have been analyzed in 
several different ways. F'irst, an over·all statistical analysis was made 
of all data from both the Ames and Farmington areas. Second, because 
of the confusing effect of the damage caused by mice, rabbits, insects 
and freezing to trees in some of the species-location units, analyses 
of growth in relation to scalping and mulching were made separately 
TABLE 1. SUMMARY OF TrnnD-YEAR SURVIVAL BY l\IAIN THEA'l'l\1ENTS 
AND AREAS, 1945. 
Treatments 
Ames 
area 
No mulching_. ____ . ____________ ....... _________________ 71 .2 
M ulchinl!: ________ .... __ . __ ._____________________________ 72.0 
No root pruning ____ . ___________________ ..... __ .. ___ 75.7 
Root pruning ________________________________ . _______ .. 67. & 
6-inch scalp (check) _____________________________ 70.8 
12-inch scalp ___ . ____________________________ ........ _· 73.3 
24-inch scnlp ____ ._ ... ______________ .......... ___________ 08.6 
48-inch scalp_. _____________ . _________________________ ._ 73.13 
Black locust_ ............ ________________ ._ ... __________ 36.1 
Green ".h ... ________________________ .____________________ !l2. !l 
American elm._. _____________ ........ __________________ 85.7 
A verage ______________ ... _______ ...... _________ .......... __ 71. G 
Survhral 
Farmington Average 
area both areas 
Percent 
!l2.G 81.!l 
93.6 82.8 
93.0 84.3 
93.3 SO.3 
!l3.5 82.2 
95_8 81.5 
!l2.1 80.3 
!l1.0 82.3 
81.4 58.7 
!l!l.& !lG.2 
!l7.1 91.4 
93.1 82.1 
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TABLE 2. HEIGHT OF SEBDLINGS AT END OF THE THIRD GROWING 
SEASON BY TREATMENT AND SPECIES. 
Am~",M I F",m;~w" .= I Tre.' Treatments 
Black I Green I~I Area Black I Green I~\ Area .::'eean;s 
locust ash eltIl means locust ash elm means 
-------
---,------------,---,---,---,---
Feet 
6-inch scalp 
(check) 
Un mulched 8.0 2.8 3.9 4.9 9.3 1.8 1.8 4.3 4.6 
Mulched 8.6 2.9 2.1 4.5 9.9 2.1 2.2 4.8 4.6 
12-inch scalp 
Unmulched 6.8 2.7 3 . .1 4.4 9.2 2.1 2.0 4.4 4.4 
Mulched 8.3 2.8 3.4 4.8 8.6 2.2 2.2 4.4 4.6 
24·inch scalp 
. Unmulched 8.3 3.2 3.5 5.0 9.9 2:'1 2.1 4.9 4.9 
Mulched 8.5 3.8 3.9 5.4 10.4 3.1 2.5 5,3 5.4 
48-inch scalp 
Unmulchcd 10.0 2.8 4.1 5.6 10.4 2.6 2.3 5.1 5 4 
Mulched 9.4 4.1 4.3 5.9 11.6 3.3 3.4 6.1 6.0 
------------------------
Species and 
aTea means 8.5 3.1 3.6 ; .1 D.D 2.5 2.3 4.D 5.0 
------------------
---
---
Heights of trees 
at planting 
time 0.3 0.5 0.5 0.4 0.6 0.8 
for each of the undamaged species at each location. Third, data from 
certain undamaged species·location units were pooled in an attempt 
to strengthen and to determine more precisely the nature of the 
relationship between growth and scalp size. 
Table 2' contains the basic height-growth data for the entire experi-
ment. Since root-pruned and unpruned stock showed almost identical 
growth responses, data for these two treatments have been combined. 
Using the data in table 2 as a base, table 3 shows the percentage 
increase in height for each treatment in relation to the height of the 
unmulched trees on the 6-inch scalp. 'Where no percentage values are 
TABLE 3. PERCENTAGE INCREASE IN HEIGHT OF TUEES ON SCALPED 
AND MULCHED PI,OTS OVEU UN:\WLCHED CHECKS. 
Ames arert. Farmington a'rea Study 
Treatments ----~-I-I--I- aver-Aver- Aver- age 
Locust I~.~J~I~ Locust A8h_~ ~ ___ 
Percent 
Scalping alone 
6-inch (check) - - - - - - - - -
12-inch - - - - - 17 8 2 -
24-inch 4 13 - 2 6 44 16 13 6 
48-inch 25 1 7 15 11 44 24 18 17 
Scalping plus 
mulch 
6-inch (check) 8 3 - - 6 18 21 10 -
12-inch 4 1 - - - 21 21 1 -
24-inch 7 '35 2 11 11 70 38 23 17 
48-inch 18 47 11 21 24 84 84 41 30 
I-
W 
W 
IJ... 
4.0 
3.0 
2.0 
4.0 
3.0. 
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GREEN ASH - AMES 
i 
6 
, 
~'2.82 +.003IX 
AoUNMULCHED 0 
0 0 
0 fo 
0 
Jj /·3 
GREEN ASH- FARMINGTON 
.4, 
A 6 
, 2.0 
I-
:z:: 
(!) 
w 
::I: 
o 
& 
o 
1.0 '--_..I..-_-'-___ ......L. ________ I--
AMERICAN ELM- FARMINGTON 
3.0 , A ,0 
A 0 
~.1.82 + .0105)( --A 0 
2.0 AS-- 9 
0 
0 
A 
0 0 
1.0 I 1 I 
6 12 24 48 
SCALP SIZE- INCHES 
EACH SYMBOL REPRESENTS I PLOT OF 16 TREES 
UNMULCHED 0 MULCIiED A' 
Fig. 4. The effects of scalps, with and without mulch, upon the third-year 
height of selected species unaffected by mice, rabbits, frost and insects. 
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shown, the average growth was less than that of the unmulched checks. 
In all such cases, except green ash on the 12-inch scalp at Ames, the 
trees on these plots were severely damaged by one of the destructive 
agencies listed above and the avelages presented in table 2 are prob-
ably incorrect. 
The undamaged species-location units are green ash at Ames, 
green ash at Farmington and American elm at Farmington. Figure 4 
contains the basic data for the trees in these undamaged units. 
SCAI.l'ING 
The data presented in tables 2 and 3 show that the removal of 
sod resulted in increased height grow,th. The over·all statistical 
analysiS (table 4) shows that treatment effects due to scalping were 
highly significant at both Ames and Farmington. As the size of the 
scalps increased, growth differences as compared to the check treat-
ment increased also, with several exceptions, notably those for the 
12-inch scalps. Maximum growth was obtained in every instance 
except one on the 48-inch scalp. 
In fig. 4. lineal' regression lines have been fitted to the basic data 
from each of the undamaged species-location units. In every instance, 
except the unmulched green ash at Ames, height growth increased with 
increasing scalp size and the regression coefficients were significant 
at either the 1 01' 5 percent levels (table 4). The estimates of the 
maximum increase in height due to scalping, as made from the regres-
sion equations, are equal to or slightly greater than the actual average 
increases shown in table 3. 
'Table 4a gives a statistical analysis of some of the basic data after 
they had been pooled in two different ways. This analysis showed 
TABLE 4. SUMMARY OF STATTSTICAl, ANALYSES OF GROWTH DATA. 
Treatments Ames Farmington 
Species .................................................................................... .. 
hlo~~I~;J!niii·i·~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
iEflgg~ a~!l~!~:;~;::~~:·:::·~~~~~~~.~:::::::::~~~~~~~~~::~~~:::~~~~~~:~:~::~~~:~ 
Scalping x pruning ................................................................. . 
Scalping x mulching ............................................................... . 
Pruning x mul,.hing ............................................................... . 
1* 
I 
ot 
1 
5* 
o 
o 
o 
o 
o 
LINEAIl UEtJRESSION OF GROWTH ON seAl F BUE BY SPECIES. 
(species undamaged by mice. rabbits. insects and freezing. fig. 4) 
Elm 
Mulehed ............................................................................... . 
gitfu~~~:t,df;;;;.-~ .. riiii;:~·~~i;;~:~:::::::::::::::::::::::::::::::::::::::: 
Grecn ash 
Mulched .................................. : ............................................ . 
gi'tfu~~~~:1ii·iiii~;.-~··reiiiiissf;;ii::::·:::::::::::::::::::::::::::::::::::::: 
*Significant at the 1 percent level. 
**Significant at the 5 percent level. 
tNot significant. 
1 
o 
1 
1 
1 
o 
1 
o 
o 
o 
o 
1 
o 
1 
5 
5 
1 
1 
o 
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TABLE 4". STATISTICAL ANALYSES OF TWO SPECIES AND LOCATION 
COMIHNATIONS (BASIC DATA PRESENTED IN FIG. 4). 
Species and locaHon combinations 
Treatments Farmington, Ash + Elm Ash, Farmington + Ames 
~~----
------------
d.f. S.B. m.s. d.f. B.S. m.s. 
-------_._------
---------------
.64 .64t 
5.18 5.18** 1 5.01 5.01** 
.11 .11 1 .10 .10 
~f~l~fl~;;i::::::::::::::::::::::::::::::::::::::::::::: 
I>rllning._ .................. ________ ............ ,. _____ . 
Location ..... __ ................... ___ . ________ ........ . 1 10.41 10.41 ** 
Replications \\'ithin location ...... _____ .. . 2 2.50 1.25** ·1 1.84 .46t 
3 12.59 4.20** 3 14.00 4.09*· 
1 11. 79 11.70** 1 10.70 10.70*' 
Scalping ............................................... . 
J~inear¥ __ ._ .. ___ ._ ....... ___________ ........... __ " 
1 .Hl .19 1 .71 . .71t 
1 .61 .Olt 1 2.05 2.65** 
Quadratic .............................. . 
Hemainder (cubic) .......... . 
1 .11 .11 
I .02 .02 
3 1.02 .34 
3 1.82 .61** 3 2.88 .96*· 
3 .47 .W 3 .52 .17 
1 .01 .01 1 .35 .35 
1 .09 .09 
1 .24 .24 
3 .41 .14 
~~~~!~: ~ 2~~~\~~~ .... ·:::::::::::·::·::::::::::: 
Mulching x scalping ........................... . 
Pruning x scalping ............... _______ . _____ .. 
m~li~~g t £~l~lr;~::::::::::::::::::::::::: 
Location x scalping. ____ . ____ . _____ ....... ____ _ 
Error." ____ . ____ ... __ ....... _____ .. _____ _ 62 9.04 .15 60 8.09 .13 
*Tho Bums of squares shown represent the reduction -in sum of squares due to linear re-
gression of height OIL scalp size, the additional reduction duo to fitting a quu.dratic regression 
and the remainder. which in this clise represents the additional reduction in sum of squares 
that would be obtained by litting a cuhi" regression. 
'*Significallt at the 1 percent level. 
+Significant at the 5 perC{mt level. 
scalping to be highly significant in both instances. When the sums of 
squares due to linear regression were segregated, these sums were. 
found to be the greater part of the total sum of squares due to scalping 
and were highly significant. Fitting a quadratic regression gave a 
further small additional reduction in sums of squares. The remainder, 
or the difference between the sums of squares due to linear plus the 
additional sum due to quadratic regression, and the total sums of 
squares, represents the further reduction in the total that can he 
achieved by fitting a cubic regression. This remainder, which was 
significant at the 5 percent level in one instance and at the 1 percent 
level in another, suggests that the relation between height growth 
and scalp size cannot be best represented by a straight line. 
An inspection of the basic data shows that growth on 'the 12-inch 
scalps was frequently less, or at best slightly greater, than that ob-
tained on the 6-inch scalps. This fact plus the relatively great growth 
increase between the 12- and 24-inch scalps, and the somewhat smaller 
growth increase between the 24- and 48-inch scalps, suggests that the 
height and scalp-size curve may have a point of inflection somewhere 
'between 12 and 24 inches. However, it was decided to present only 
the linear regressions as the data were somewhat variable, there 
were only four different scalp sizes and these did not completely 
cover the range over which growth responses probably could have 
been obtained, and because linear regression accounted for the greater 
share of sums of squares due to scalping. No completely satisfactory 
explanation can be made at this time of the failure of the trees on 
the 12-inch scalps to grow more. The data contain the suggestion 
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that at the 48·inch scalp size, the rate of growth increase was diminish-
ing. Had more and less variable data been available, an attempt to 
fit a suitable growth curve would have been made. 
MULCHING 
Mulching with inverted sod was associated with increased tree 
growth (tables 2 and 3, fig. 4). Growth differences due to mulching 
were highly significant (tables 4 and 4a). The addition of mulch to 
the 6-, 12-, 24· and 48·inch scalps increased the average growth of 
all species by 0.0, 0.2, 0.5 and 0.6 feet, respectively (table 2). Tests 
of the differences between the regression coefficients for mulched 
and unmnlched trees (fig. 4) showed that in two cases out of three 
the coefficients were significantly different. In addition, the mean 
heights for mulched and the unmulched trees, as presented in fig. 4, 
were significantly different at either the 1 or 5 ,percent levels. 
ROOT PBUNTNG 
The average height growth of root-pruned stock in all treatments 
on both areas was identical with that of the unpruned stock. This 
treatment did not increase the growth of anyone of the three species 
on either area. 
SPECIES 
Black locust, as expected, had the greatest average height of all 
species and there were only small differences between ash and elm. 
Species growth differences were highly significant on both areas 
(table 4). 
LOCATION 
There was little difference between the Ames and the Farmington 
areas when the average growth of all species was the criterion. How-
ever, ash and elm grew better at Ames than at Farmington while 
locust was superior at ]<'armington. The taller locust at Farmington 
can probably be accounted for by the severe freezing injury at Ames 
which was followed by prolific sprouting. With few exceptions, the 
main treatment effects that were significant at one location were 
significant at the other. However, the greatest percentage increase in 
growth due to treatment occurred on the Farmington area (table 3). 
THEA'1'MENT INn:HACTIONS 
The statistical analysis of the data for the plots of undamaged 
trees (table 4a) shows that only between scalping and mulching was 
there significant interaction. The over-all analysis of variance (table 
4) shows a significant scalping x ffiulching interaction at Farmington 
where both ash and elm were undamaged but no significant interaction 
at Ames where ash alone was undamaged. The significant difference 
between the regression coefficients (table 4) and the divergence of 
the mulched from the unmulched regression lines (fig. 4) Indicate 
that as scalp size increased, mulching became more beneficial. 
'Table 4 shows the species x scalping interaction at Ames to be 
significant at the 5 percent level, but because two of the three species 
planted at AmeS were seriously damaged and because the analysis 
of the undamaged plot data (table 4a) showed no significant speCies x 
scalping interactions, no firm conclusions can be drawn. 
The evidence seems to indicate that all species at each of the two 
locations reacted to scalping, mulching and prnning in about the 
same way. 
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The data in general suggest that scalping, to be effective in heavy 
cover, .should remove an area of sad at least 24 inches In diameter. 
To obtain the greatest. benefits to growth, an even larger area should 
be scalped. The addition of an inverted sod mulch to scalps 24 inches 
and larger will prove effective in fUrther increasing growth and may 
prolong the effect of scalping by preventing the rapid invasion of 
grasses and other competing plants. 
THE EFFECTS OF SOD REMOV AIJ AND MULCHING 
UPON SOIL MOISTURE 
Fig. 5. Green ash on the E'armington area at 
the end of the third gl'Owing season: A, 6-inch 
scalp with mulch; B, 48-inch scalp with mulch; 
C, 24-inch scalp without mulch; D, 24-inch scalp 
with mulch. 
This study was con-
ducted during the sum-
mer of 1942 on the pre-
viously described Ames 
experimental area, and 
the plots were intersper-
sed with those used In 
the planting study. 
MATERIALS AND 
METHODS 
F'our treatments and 
a check were used in 
this investigation, as 
follows: 
1. 'I'wo sizes of cir-
cular scalp, 12 inches 
and 48 inches in di-
ameter. 
2 . . Mulched and un-
mulched scalps of each 
size. 
The scalps, mulched 
and unmulched, were 
prepared at the samp 
time and in the same 
manner as those previ-
ously described for the 
planting study. Ten 
plots, five in each of 
two blocks, were ran-
domly assigned to each 
treatment. Grass and 
other vegetation was 
hoed from all except 
the check plots <:luring 
the sampling periods. 
Soil samples were 
taken for 11 periods 
during June, July and 
August. The firs t 
sample was taken on 
June 5 and the last one 
on Aug. 24. On the 
scalped spots, mulched 
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and unmulched, samples were taken at depths of 6 and 9 inches. 
Samples from the check plots were taken at depths of 8 and 11 inches. 
The two samples taken from each spot were pooled, placed in an air· 
Fig. 6. American elm 
on the Farmington area 
a t the end of the third 
growing season : A, 6·inch 
scalp without mulch; B , 
48·inch sca lp with mulch; 
C, 24-inch scalp wit h 
mulch; D, 48-inch sca lp 
without mulch. 
tight can, weighed and then oven·dried to a constant weight. The soil 
moisture percents were based upon the oven·dry weight of each pooled 
sample. 
Precipitation records for the 3·month sampling period were obtained 
from the nearby Agronomy Farm weather station. 
RESULTS 
PRECIPITATION 
During the more critical months of June and July. precipitation at 
Ames was 4.6 inches above the long-time average for these months. 
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The average rainfall at Ames for June, July and August dur.ing the 
period 1876·1930 is compared below with precipitation for the same 
months of the sampling period: 
MONTH 
June ________ _ 
July ________ _ 
August _____ _ 
Total ___ _ 
1876·1930 
AVERAGE 
(Inches) 
4.2 
3.7 
.3.6 
11.5 
1942 
(Inches) 
6.9 
5.6 
3.4 
15.9 
DIFFERENCE 
(Inches) 
+2.7 
+1.9 
-0.2 
+4.4 
Rainfall during August was 0.2 inches less than the long·time average, 
reducing the total above average for the 3 months to 4.4 inches. Pre· 
cipitation was well distributed over the sampling period, occurring on 
14 days in June, 11 days in July and 12 days in August (fig. 7B). 
During these 3 months, 4 days was the longest time without measur· 
able precipitation. 
EFFECTS OF TREATMENTS UPON SOIL MOISTURE 
F'or the entire sampling period, the check plots had the lowest 
average soil moisture content, 13.9 percent; the 12·inch scalps were 
intermediate with 16.5 percent; and the 48·inch scalps had the highest 
average moisture content, 17.5 percent. The addition of mulch made 
no appreCiable difference in the average moisture contents of either 
size of scalp. Statistical analyses showed no significant differences 
between treatments at anyone sampling period or between treatment 
means for the entire period. Because the data were quite variable, a 
larger number of observations would have been needed to show that 
the observed differences were real. 
SOIL MOISTURE PERCENTAGE AT SAMPLING PERIODS 
The soil moisture data for individual sampling periods exhibited 
only small erratic differences between the two sizes of scalp and 
between mulched spots regardless of size. Therefore moisture data fol' 
all unmulched scalps were pooled for the analysis, as were the data 
for all mulched spots. These data show that soU moisture in the 
check plots was consistently lower than in either the mulched or 
unmulched scalps (fig. 7 A). The differences in soil moisture between 
the mulched and unmulched plots were small and inconsistent. How· 
ever, the mulched scalps had an intermediate moisture level when 
soil moisture was high in both the checks and unmulched scalps. When 
soil moisture was low in the checks and unmulched scalps, it was at 
a slightly higher level in the mulched scalps. These trends indicate 
that less rainfall reached the soil in the mulched spots and that which 
did reach the soil was lost at a slower rate than in the checks and 
unmulched scalps. . 
The moisture content at permanent wilting of O'Neill sandy loam 
is about 5 percent (19). This moisture level was not reached during 
the sampling period (fig. 7A). However, the average moisture content 
of the 10 check plots was 5.6 percent on one sampling date and 9.8 
percent on two other dates. The lowest average moisture level reached 
in the scalped plots was 11.4 percent, and for the mulched scalps it 
was 12.1 percent. The highest average level recorded for the check 
plots was 20.7 percent. For the scalped plots this was 23.6 percent and 
for the mulched scalps it was 21.9 percent. 
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30 A. MEAN SOIL MOISTURE PERCENTAGES DURING 
SAMPLING PERIODS. 
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Fig. 7. Soli moisture and precipitation during the sampling period. 
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SOIL-MOISTURE DEPLETION AND PERMANENT WILT-
ING BY HARDWOOD SEEDLINGS AND BROMEGRASS 
The results of this investigation, which was conducted under 
greenhouse conditions, help explain the improved growth of seedlings 
planted on grassy sites when moisture-conserving treatments such 
as scalping and mulching are employed. 
MATERIALS AND METHODS 
Four test plants and two soil texture classes were used in this 
study of permanent wilting and soil-moisture depletion. The indicator 
plants were black locust (Robinia pselldoacacia L.) (37), green ash 
(Fmxinll s pennsylvanica lallceolata [Borkhausen] Sargt.) (37), smooth 
bromegrass (Bront1ls inermis Leyss) (14) and tomato (Lycopersicon 
esc1l1entmn Mill.) (29). Tomato was used only because it is very 
sensitive to wilting. The plants were grown from seeds planted in 
vitrified clay pots containing O'Neill loam and sandy loam collected 
from the At horizons of these soils. 
Two groups of 24 pots, each weighed to the nearest gram, were 
filled with loam and sandy loam, respectively. The oven-dry weight 
of the soil contained in each pot was determined at potting time. 
Each group of pots was randomly divided into lots of six, planted 
with seeds of the test plants and then randomly located on a green-
house bench (fig. 8). The trees and tomatoes were thinned to three 
and four plants per pot, respectively, a few days before starting 
measurements of moisture depletion. The bromegrass was not thinned 
(fig. 9) . Moisture depletion measurements were started 9 weeks after 
planting. 
At the start of the measurements, a known quantity of water was 
added to the individual pots to raise the soil moisture contents to 
approximately 27 percent for sandy loam and 33 percent for loam. 
Fig. 8. Arrangements of pots on greenhouse bench during experiment. 
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Fig. 9. R epresentative pots of bromegrass. black locust. green ash and 
toma to befol'e wilting. 
The surface of each pot was then covered with 1.5 inches of air-dry 
sand to reduce evaporation, Daily water losses were determined by 
weighing each pot to the nearest gram at 7:00 a, m, and again at 
7: 00 p. m. When the plants were permanently wilted (19). the sand 
and upper 1 inch of soil were removed from each pot. Then two 
samples were taken from the upper and two from the lower halves 
of the remaining soil. The permanent wilting percentages, computed 
as a percent of the oven-dry weight. showed smalI. inconsistent dif-
ferences between the two sampllng levels. Therefore. the permanent 
wilting percentage for each pot was computed on the basis of both 
samples. 
The dry weights of' tops, roots and leaves were determined for 
each of the test plants fOI' both soils. Dry weight-leaf area ratios were 
determined and leaf areas computed for all plants except tomato. 
PERMANENT WlIJl'ING POINT DETERMINATION 
Some plants. because of their anatomical structure. do not show 
wilting even during periods of critical water deficiency (13). To aid 
in correctly identifying their permanent wilting points, seedlingll of 
locust and ash were removed from the soil and permitted to wilt in 
the laboratory. The seedlings were weighed at 15-minute intervals 
and their appearance noted. In addition. some extra pots of sandy 
loam were planted with locust and ash to study their wilting behavior. 
These plants were placed in a moist chamber at several stages of 
wilting to observe theil' behavior and outward appearance. 
When free of soil. both locust and ash seedlings lost moisture 
rapidly for the first 45 minutes (fig. 10). After this period, the losse's 
were lower and erratic. These species exhibited the same pattern of 
moisture loss when they were planted in sandy loam and permitted 
to wilt. The first definite appearances of wilting were evident in 45 
to 60 minutes for seedlings free of soil and 6 days for those left in 
the soll. 
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A. WATER LOSS BY PLANTS FREE OF SOIL 
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Fig. 10. Los~ of moisture by locust and ash seedlings during wilting. 
During temporary wilting, when transpiration exceeds the supply 
of water to the plant (23), the water columns in the conducting tissues 
remain intact, and under favorable conditions the plants will recover. 
However, if wilting continues, the strain on water columns increases, 
eventually. reaching the breaking point, and usually the plant will 
not recover. The variability in water losses during the advanced stages 
of wilting has been attributed to the breaking of water columns in 
the plant (26). Klomp (15) has presented moisture·loss curves for 
several gl'asses which were removed from soil and weighed at 30-
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minute intervals. He found that the grasses were wilted when the 
steady initial downward trend of the curve was first interrupted by 
a rise corresponding to an increase in moisture loss-i.e., during the 
early phases of wilting, water is lost rapidly but as the loosely held 
water in the plant becomes depleted,· the losses become erratic and 
follow the breaking of water columns (notice the fluctuations of the 
line for ash after the first 60 minutes, fig. lOA). Locust and ash showed 
the same behavior as the grasses, both when wilted in soil and 
wilted free of soil. 
RESULTS 
SOIL-MOISTURE DEPLETION RELATED '1'0 PLANT DEVELOPMENT 
To measure the rate at which the plants were depleting soil mois-
ture, each pot was weighed daily and the soil·moisture percentage 
computed_ The mean 
d a i I y soil - moisture 
levels, as percentages 
of oven-dry weight of 
soil, with the exception 
of black locust grown on 
loam, show that brome-
grass reduced soil mois-
ture to a lower daily 
level than either locust 
or ash (fig. 11). 
When the test plants 
are listed according to 
38 
36 
34 
"' 0: 26 
:::> 
the amounts of water 
absorbed, they show the 
following order: brome- g 20 
grass, locust, ash and "' 
tomato (table 5). The ~ 18 
absorption data show 
:;; 24 
o 
:& 22 
!< '6 how rapidly soil mois-
ture was depleted dur-
ing periods when no 
water was added. Dif-
ferences in water losses 
among species for the 
first several days prob-
ably were related to 
transpiring leaf area. 
Leaf area and soil 
water loss appear to 
be negatively correlated 
when grass is compared 
"' u 0: 14 
.., 
a. 
12 
10 
s 
6 
4 
o LOCUST 
X ASH 
A GRASS 
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-'6---0-
with trees. Bromegrass. 
which had a smaller 
leaf area than either of 
the trees, absorbed the 
Fig. 11. Soil moisture as percentage of dry 
weight in O'Neill loam. 
most water (table 6). 
The dry weight of roots may provide a rough measure of root 
ramification and of moisture-absorbing area in young plants. Tomato, 
with the smallest root weight, absorbed the least water (table 6). 
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TABLE 5. MEAN WATER LOSSES FOR SANDY LOAM AND LOAM. 
Plant 
Locust.. ... _________________ ..... __ _ 
A.h ____ .............. _ ........ __ ... . 
Grass ....... _ ..... __ ................. . 
Tomato ...................... .. 
Locust ................... ______ .. _ 
Ash. ___ ............... _ ........ _ .. _. 
Gra ................ _ .. __ ............ . Tomato __ .. __ ...... _ .... _____ . ____ . 
First 6 days 
138.1 
135.4 
147.2 
144.7 
179.3 
137.2 
185.5 
162.8 
Mean water los8 
Remaining period 
Grams 
Sandy loam 
40.1-8 days 
39.8---8 day. 
34.0--5 days 
17.1-6 days 
I .. oam 
27.7-8 days 
61. 6--8 days 
31.3-8 days 
17.~days 
Total 
178.2 
175.2 
181.2 
161.8 
207.0 
J98 8 
216.8 
180.3 
Bromegmss, with the largest root weight, absorbed the most water, 
and the trees were intermediate in both respects. 
These data suggest that moisture absorption may be related to 
leaf area, transpiration rate and frictional resistance to moisture 
movement in conducting tissues, so long as soil moisture is readily 
available. However, when soil moisture is not readily available, roots 
may become the limiting factor in moisture absorption. 
SOIT, MOISTURE AT PERMANENT WH,TING 
At permanent wilting, bromegrass had reduced soil moisture to 
the lowest level, the two tree species reduced it to an intermediate 
level, and tomato left the largest soil moisture percentage (table 7). 
Over·all statistical analysis of these data showed that the differences 
among soil moisture percentages at permanent wilting were highly 
significant. Individual comparisons of the permanent wilting per· 
Plant 
Locu.t.. .. __ ............ .. 
A.h ........................ .. 
Grass ................... . 
Tomato ................ .. 
Loeust .................. .. 
Ash ........................ .. 
Gras .......... _ .......... .. 
Tomato ................ .. 
TABLE 6. MEAN PLANT DEVELOPMENT. 
Dry wt. plant 
1.84 
2.43 
1. 75 
1.50 
2.36 
2.18 
1.69 
1.93 
Dry wt. leave. I Dry wt. roots 
Grams 
Sandyioam 
0.81 
0~9r 
0.60 
0.63 
Loam 
1.31 
0.85 
0.69 
0.96 
0.77 
0.82 
1.15 
0.58 
0.63 
0.66 
1.00 
0.50 
*Lear area-dry weight ratio not determined. 
Leaf area 
Square decimeters 
5.24 
4.74 
1.96 
* 
8.50 
4.46 
2.20 
* 
455 
centages for different pl~nts in sandy loam showed that only with 
tomato was the difference significant. On loam, however, there was 
a significant difference between these percentages for any two of the 
plants. 
'TABLE 7. THE MEAN SOIL-MOISTURE PER-
CENTAGES AT PERMANENT WILTING. 
'rest plant 
Tomato ....................... . 
Ash ............................. . 
LOcuBt.. ...................... .. 
Gra~B ... _ ..... __ . ___ ... ~._. ____ . 
Soil texture 
------
Sandy loam Loam 
7.3 
5.3 
5.1 
4.7 
Percent 
10.2 
7.7 
!l.9 
5.9 
-------.~-----'------
Some investigators have reported differences between the per· 
manent wilting percentage of a given soil when determined by different 
indicator plants (8, 22). Others have demonstrated that the moisture 
content of a particular soil when permanent wilting first occurs is 
essentially the same, irrespective of the indicator plant used (3, 4). 
The authors believe that the differences in the permanent wilting per-
centages obtained in this study are due mainly to differences in the 
extent of root ramification, a view advanced earlier by Aldrich, Worl{ 
and Lewis (1, 40). According to this view, plants having a greater 
root ramification may extract a greater amount of water before per-
manent wilting occurs, even though the capacity to absorb water may 
be approximately equal in different plants and the moisture content 
of the soil immediately adjacent to absorbing roots is approximately 
the same (4). The differences would tend to be smallest where roots 
are cramlled in small containels and relatively greater outdoors where 
lateral root extension is not mechanically obstructed. Differences 
among plants might also be greater in heavier, poorly aerated soils 
than in light soils, especially if plants of different aeration tolerances 
are used (1, 40). Slow soil moisture movement neal' the wilting point, 
coupled with high transpiration stress, could cause permanent wilting 
at levels somewhat higher than those obtained where transpiration 
stress is low and soil moisture is moving over short distances to roots. 
Root characteristics which may have influenced the permanent wilting 
percentages obtained are: extent of suberiZation (30), rates of respi· 
ration which apparently are related to moisture absorption (12, 31, 
39) and protoplasmiC differences in the water-absorbing area of the 
roots (17,18). 
DISCUSS £ON 
The results of the planting study show that black locust, green 
ash and American elm responded similarly to root pruning. mulching 
with sod and scalping. The treatments had no clear·cut influence 
upon survival, probably because such effects were masked by unusual 
weather conditions and insect and rodent damage. Growth responses 
to treatments were similar on areas having heavy sod and on areas 
with a . lighter plant cOYer. Variations in treatment effects between 
species and between areas were in degree of response !'ather than in 
dissimilaritY of reaction. 
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In spite of the fact that root pruning produced a more fibrous root 
system, this treatment, alone or in combination with mulching and 
scalping, had no effect upon growth of the planted hardwood seedlings. 
Mulching with inverted sod produced highly significant growth 
increases on both experimental areas. Zarger (41) and Schreiner (33) 
have reported similar hardwood seedling responses to mulch, and in 
Georgia (34) increased growth resulted from mulching southern pines 
with pine straw. Mulching benefits planted seedlings by reducing (a) 
surface evaporation, (b) transpirational drain by competitive vege· 
tation, (c) soil temperature extremes and (d) soil surface movement. 
Also, decomposition of mulch materials may improve soil structure 
and fertility and increase biological activities. All of these benefits 
influence soil moisture relationships, directly or indirectly. 
Probably improved soil·moisture conditions were responsible for 
the increased seedling growth resulting from mulching. Results from 
the supplementary field study of the effect of mulching upon soil 
moisture were inconclusive. However, the mulched plots had a higher 
moisture content than either the scalped or check plots when the soil 
moisture in the check plots approached the wilting percentage. This 
seems to indicate that inverted sod mulch may become effective as 
soil moisture approaches a critical level for plants. As shown in the 
greenhouse study, grasses absorb soil moisture as rapidly or more 
rapidly than tree seedlings and can reduce it to a lower level. By 
reducing or eliminating the transpirational drain of competing vege-
tation, mulching has a beneficial effect upon the supply of soil mois-
ture available to seedlings planted in sod. Very likely, the mulch also 
reduced surface evaporation (21) and temperature extremes, stabi-
lized the soil surface and prevented deterioration of soil structure. 
The two largest scalps without mulch gave significant growth in· 
creases. This response was probably due to the complete removal of 
competing vegetation and its transpirational drain. It is unlikely that 
scalping improved the available soil-moisture supply in any other 
way. In fact, it may have had an adverse effect upon soil surface 
stability and temperature extremes. The removal of competing vege-
tation has long been recognized as necessary for the successful estab· 
lishment of hardwood (2, 5, 6, 9, 20, 38) and conifer (32) plantations 
in some areas. Pessin (28) states that the removal of grass from 
around longleaf pine seedlings "stimulated growth to a remarkable 
degree." George (10) reports that clean cultivation resulted in better 
survival and growth of hardwood shelterbelts. 
There is some question, however, about the lasting effects of re-
moving competing vegetation. McClintock (24) found that the early 
growth of some hardwoods and pines was improved by plowing and 
furrowing. These benefits did not last beyond 5 or 6 years. If the 
competing vegetation had been removed periodically after the first 
treatment or if mulch had been applied, growth responses' probably 
would have continued for a longer time, as was found by George (10). 
Although the effects of treatment upon survival were obscured by 
uncontrolled factors in this study, removal of competing grasses may 
be necessary for survival of planted hardwoods in areas where soil 
moisture is a crucial factor. During periods of drouth, the roots and 
rhizomes of many perennial grasses become temporarily dormant, 
starting growth again when soil moisture becomes available (11). 
In contrast, trees often become progressively desiccated until all parts 
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die. The greenhouse study reported here shows that grasses deplete 
soil moisture as rapidly or more rapidly than tree seedlings and may 
reduce it to a point at which hardwood seedlings cannot survive. Also, 
it has been shown that low soil moisture inhibits the growth of pine 
and oak seedlings (16) and that lowered photosynthesis results first 
in a loss of carbohydrates and then proteins (13). 
The differential response of grasses and tree seedlings to soil-
moisture levels below the permanent wilting point, the greater root 
volume of grasses, the more rapid rate with which grass depletes soil 
moisture and the inhibiting effects, of low soil moisture upon seedling 
growth all operate against the early success of hardwood seedlings 
planted in heavy sod cover. In rich prairie soils, where grass roots 
penetrate every cubic millimeter of the surface soil, soil moisture is 
depleted rapidly. During periods of high moisture stress in such areas, 
the permanent wilting point may be reached before the roots of 
planted seedlings have grown into the deeper layers where root 
competition is less keen. Seedling trees growing in such areas free 
of root competition have an opportunity to root deeply and to develop 
a root system capable of sustaining them when soil moisture is 
critical. The results of this series of studies and those reported by 
others strongly indicate that the influence of grasses upon soil mois· 
ture is a major factor in the survival of hardwood seedlings planted 
in sod in areas where moisture may be critical during the growing 
season. 
In such areas, the tree planter must decide upon the maximum 
sized scalp needed to obtain the best survival and growth. Schriener 
(33) found that hybrid poplars grew better when sod was removed 
from a 24·inch strip than from smaller strips. For planting in the 
Central States region in heavy sod, dense broomsedge and dense, rank 
weeds, Minckler and Chapman (27) recommended scalping or furrow· 
ing to a width of 8 or 10 inches. In the study here reported, the mini-
mum effective scalp in heavy sod was 24 inches in diameter. Little 
growth was gained by scalping less than 24 inches. The addition of 
inverted sod mulch to the 24-inch scalps produced about as much 
early growth as scalping to 48 inches. The 48·inch scalps with inverted 
Ead mulch gave more height growth than any of the other treatments 
used. 
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